One of the major environmental problems for society is the great quantity of solid waste generated. The management of urban solid waste is one of the most important services and for this reason town councils have to maintain the cities in the proper hygienic and aesthetic conditions for their inhabitants as well as for tourists or visitors.
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The loss of credibility of the Spanish municipal public sector as a manager of this service is accompanied by manifestations demanding and forcing the sector to act by applying the principle of efficiency. These new demands require the development and application of control techniques that provide relevant information for decision-making about the relation between the quantity of resources used in the production and development of the appropriate quantity and quality of goods or services in a suitable time. Owing to the scarce significance of the value of the public output, its measurement is defined as the estimation of technical efficiency by inputs and outputs expressed in physical terms.
The present work focuses on the study of the efficiency of urban solid waste collection. Hence, the technical efficiency of the service is calculated with the aim of detecting potential savings in the use of physical resources, which lead to an increase in productivity.
According with the evidence of the large number of studies carried out in various countries -e.g. Portugal [3] , the United Kingdom [4] , Australia [7] , France [2] , Switzerland [1] , Finland [5] and America [6] -Data Envelopment Analysis (DEA) was utilized to estimate the efficiency.
Data Envelopment Analysis
DEA yields a piecewise linear production surface that, in economic terms represents the best practice production frontier. By projecting each unit onto the frontier, it is possible to determine the level of inefficiency by comparison to a single reference unit or a convex combination of other reference units. The projection refers to a hypothetical DMU which is a convex combination of one or more efficient DMUs and not an actual DMU. The basic DEA model, named CCR is expressed as follows (1): Given a set of J DMUs, the model determines for each DMU 0 the optimal set of input weights and output weights that maximizes its efficiency score δ 0 . A score less than one means that a linear combination of other units from the sample could produce the vector of outputs using a smaller vector of inputs. Mathematically, a DMU is termed efficient if its efficiency rating δ o obtained from the DEA model is equal to one. Otherwise, the DMU is considered inefficient.
Aims and selection of variables

Sample
In order to estimate the efficiency, the population selected comprised the 113 towns of over 50,000 inhabitants that exist in Spain in 1999. Specifically, we obtained information from 34 towns that make up 30.09% of the population. The www.witpress.com, ISSN 1743-3541 (on-line) technique used for obtaining information was the questionnaire, which, forwarded to the population, guarantees randomness in the data obtained.
Inputs and outputs
In this section the indicators that represent the functions of this service will be selected, grouped in indicators of input and output.
Inputs
The production process of municipal solid waste collection is highly contingent upon the supply of capital and human resources. The latter is represented, in general, by total staff and our analysis will include the indicator expressed in terms of total workers. In relation to the capital goods, the basic element is the vehicles measured in physical units.
Outputs
The variables tonnage (Output1) and collection points (Output2) correspond to the most used indicators for identifying the final product of the activity of waste collection. They represent the volume of solid waste generated and the number of places where it is collected, respectively.
Empirical analysis 4.1 Efficiency index
In this stage, we estimate the technical inefficiencies of the Spanish towns for solid waste collection and street cleaning. The results are given in table 1.
According to the results, of the 34 units examined 25 are inefficient, that is, approximately 73.5% of the total of local authorities evaluated. Only nine towns were considered efficient: Guadalajara, Barcelona, Castellón, Hospitalet, Bilbao, Mieres, Ciudad Real, Tenerife and Madrid.
The technical inefficiency measured is situated at 56.94%, there being a significant slack of potential improvement, which is expressed in a possible average reduction of the inputs of around 9%. The greatest slack, figure 1, is basically correlated with the variable tonnage, collection points being carried out more optimally.
Best-practice in solid waste collection and inefficient units
DEA displays performance information relating to inefficient towns and shows the difference between their performance and the "best practice" (100% efficient) municipalities to which they have been compared.
Potential improvements indicate by how much and in what areas an inefficient town needs to improve in order to be efficient. For example, Figure 2 shows what percentage Salamanca needs to either decrease its inputs or increase its outputs in order to become 100% efficient: it needs to reduce its number of staff by nearly 40% or its vehicles around 7%, while maintaining the same level of outputs. If the assessment of a town as inefficient is felt to be justified then the information provided can be used as a basis for setting targets for the municipality. As a first step insetting targets, the inefficient unit should be compared with the towns in its reference set.
The reference set is the set of efficient municipalities to which the unit has been most directly compared when calculating its efficiency rating, table 2. Salamanca has efficient towns Barcelona, Ciudad Real and Tenerife.
However the reference set towns do not all contribute equally to the targetvalues for an inefficient municipality. Some reference set town are more important than others. Figure 3 shows all the towns in Salamanca's reference set and how much in percentage terms they have each contributed to forming the target values for each of Salamanca's inputs and outputs. Salamanca: potential improvements. 
Conclusions
A methodology of evaluation of the efficiency of waste collection has been established in this work. It provides not only an efficiency score for each town but also indicates by how much and what areas an inefficient municipality needs to improve in order to be inefficient. 
where, δ 0 = the efficiency score of the DMU 0 under analysis; n = number of DMUs under analysis; i = number of outputs; j = number of inputs; Y k = ( y 1k , y 2k ,...,y ik ,…,y Ik ) is the vector of outputs for DMU k with y ik being the value of output i for DMU k; X k = (x 1k , x 2k ,...,x jk ,…,y Ik ) is the vector of inputs for DMU k with x ik being the value of input j for DMU k; µ and v the vector on multipliers respectively set on Y k and X k where µ i , v j = the respective weights for output i and for input j; 
